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T. Srinivasan-Rae, Bmokhuven Nunmal Mwrutmy

Summary

The laser working group considered several options to deliver synchronized liis~r pu]ses d’

[he required energy to the phcmcathode and laser triggered switches. These requiremtm[s

actually decreased during the course of the workshop, and rhe values finally smtled upm (e 1() @

in 100 fs at -250 nm for the photaxtthode imd -10 m.1 in 2 ps near either 250 nm or I pm for [he

switches) were considered to be well within the state of the an. Some development work nMy l-w

required, however, to provide it system that has the desirible chamcteris[ics ot s[nhili[y. cuse (d”

use and low maintenance

The baseline concept, which is similar [o a number of existing sysroms,l’3 u[ilizcs d(mhlcd

Nd:YAG-pumped dye oscillator/simplifiers 10 produce an upconver[ed picosmxmd pulse th;u C:III

hc timplifed m tens of MI in a KrF excimcr laser. A frac[ion of [he dyc owill;l[t)r (mIpIII is :IIS(J

compressed by means of a fiber-griiting comprcssod imd further mnplificd in ii dyc mplificr

hefme being upcmwcrted to produce the synchronized pulse for [he photw;ti[htxlc.

As sht~wn in I;ig, 1, the proposed sys[el,l wouid consist of ii uw nNxlc-ltwkc(i Nd: YA( i

I;lscr [h;l[ is frequency-doubled imd used to synchronous y pump iI dyc (MOIllil[or I() prtdm-c N

7 IS ptI1.ws itt 648 nm. A Imnion of [h~ tmxie-lm.kcd Nd:YA(; lils~r OIIIIIHI is illso USCS(Imlin of -b [ .

It) injc~”tilm twntrol a Q-swiwhmJ nnd cuvity-dunqxxi regcncrilivc Nd:YA(i ;Illqlllt’irr I(I pnMiIKT

--60 IIIJ ;II 1.(MI pIn in ii pulse ‘f - I(H) ps dur:ui(m, $ A single pulw t’r~)lll Illc llyr {)s(”l!l;lu)r is

;Iltlplilied ill wqucn[i:ll dyc imlplificrs pumped by the 532 11111 lreqmw(.y (hml)lr(l 0111]) 111 of” llli~

!WI:YA( i rc~rncr;ltlvc ;mqdificr. ‘1’hi’i dve I;tscr pulse. [d”;lppn)xim;~wly I rllJ (’mhtgv. I\ lltNIld(mtl

:Iml I]lixwl wi[h ;: lfi)rti(m Ii [hc Ilrmmvcrlcd I(M) i)s 1.06 ilrll pulw I~t lm~lll~x. W) IIJ III 2 pi ;II
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248 nm; this pulse is then spatially filtered and amplified through one or two piiss~s O( a Krt;

gain medium m yield -ZO ~ (or more, depending on the KrF aperture) of ou[pul energy. Tht!

synchronized I(X) fs pulse is produced by split[ing off d small fruction of [he outpu[ 1)( ~hc !irs[

dye amplifier, chirping it in d fiber, and compressing it with a grming puir. “I”his putsc is then

iimplitkt in ano[her dye umplitler (pumped by part of the some 532 nm pulse), d(mtded, iind

mixed with the remainder of the unconverted 1.06 ~m pulse m produce on the twdcr of 10 @ in

I(M) (s. The conversion efficiency of this step is low because phitsc m~i[~’hing ;Icrtms [he full

pulse bandwidth requires very thin crystals, and innovative methods may he nvcded even m

reach this degree of conversion. If necessary, a srmtil KrF amplifier (or possibly ;i subqwrmrc

of [he main amplifier) can be used to deliver the requir?d 10 pJ or, in fwt, suhs[:i[~liil!!v more.

The bandwidth of KrF is sufficient to support pulses ccw,sideribly less [htin I(M) fs in dtlril[iorl.

The infrared option for solid-suite switches ctin & fulfilhl by replacing [hc Nc.’:YA(i

regener~[ive simplifier with iI Nd:glass regener~tive amplifier that is injtc[lon cxmtndltd hy :1

tihcr-grtiting-cf m~pressed pulse from [he mode-locked oscillator. This iilso relmwts [hc need for

a KrF itmplifier, hut imposes severe limitations on the ultimate repetition-rite wmhiev:ihle.

Although [he system described ihovc has the advantage of Itirgely duplic~ling existing

wchrmlogy, itshould be noted thtit it does have certain shortcomings. S1ability illltl llulinlrn;~r~-c

of [hc dye Iuscr systems wil! require uonsidemble ongoing teuhnicul supp(m. ‘1’hc Il]ixillg

pro~-<ss. particularly for the shorter pulse. will require ri.uher t~lin crystuls i~li(l In;Iy k Icss

ctllcicnt thiltl ~s[itniited. This could cn[~il the need for a larger ~wmp li\\Cr th;ln imlic:itcd, A

signifiutin[ Iimim[i(m to [he efficiency O! the sum-frequency prtwcss is the Ilmg d~lr;lti(~n (:ind

hcncc high tlucnc-c) of the Nd:YAG pulse iIs compared to the short pulse. :Iml sill~st:liifiill

illlprovcment nliiy be possible by compressing the 1.06 pm pump pulse. I;(M’tUllillCl~, I1lUUII ICSS

energy will suffice for the 100 fs mixed ouIpuI if it is mplitied in k+’ , Jnd k“ss I! I: III .$() pJ t“illl

hc utiliml for the 2 ps input to the Kr:; itmplifier. ‘Ile input 10 the ;Implit’icr thw~ ;Il”fc(’1 the

tnw:dl giii[l rcql]ircd. however, iin(l this ml:itcs to ilnothcr pr[Mcnl tvpi~’;ll (d’ r~t’llllrl- ;Ill]plll’icrs:

ltwir high g;liIl Icmis [() Ihc prcscm’c of %ignifi~.;lnt :Implilicd sp{m[:lm(ms L.IiII\\ioII (/\Sl;) Ih;ll

Iwrcctlcs [hc sh(m ~JIIISC (MIC wishes I() iilllplity. III :1 single ii[l~plitl(.iltiotl \iil~(.. IIIII\ I (~1 III(. Asl~

i.iIII t)~ I’iltcrc(l IMl[ hcc-:msc of its high Aivcrgcnl’e. In :1 scv(m(l :Illq]ljfil’;lt Itm ~l;igc t \vtwllwl-

[hnulgh th~ witlw (w ii Scl)iirii[c illllpllt”icr), the WI1.111iili]()(llit 01” ASI{ [Il;l[ [M\S{i\ tl)t(lilgll [l)Lt

SIMII;II Iillcr Will WC llfl Sill U1’:lIIYj g;llll, WtlCrCil% lh~ shtwl ~)lllsc $.vill IM’ :1111[)11111”[11111[)‘I; 11111illloll

“IIIc (xmtrnw r;ltlo bctwww IIw prcpulsc ;tmt [tic Imlifl pulse i~ lhcrrliwc qIcMI;I(I1.11, ;iIl(l ;I(lllrvill}:



ASE energy of less than 5% of the main p)llse ap~ars difficult’2 unless xh.iilionnl elccwoop:~c

or nonlinear optical techniques are utilized. This amount of energy in d long prcpulse will olrnos[

certainly be unacceptable for [he switch, and additional work on improving [he conwtist ratio

;Ippears necessury for this application. The 100” fs pulse will need sufti~”ient]y low g~in th:~~;I

single pass in a small. gently-pumped gain medium should suffwe, imd ASE sh~~uld n(~i be :1

problem. [f the main amplifier is used, [he pulse can lx injected on :hc Ieuding edge O( [he pump

pulse so thtit little ASE precedes it, but there may be significant post-pulse ASE.

Anofher option, which avoids some of these difficulties but presents SOIIIe unccr[~in[ies O!

i[s own, follows from some of [he results discussed by W. R. Donaldson U[ [hit workshop.

This idtemutive would replace the dye amplifiers, and possibly the KrF amplifier us well, ‘with

;dexundri[e solid -sttite timpliflers. One possible con flgura[ion starts wi[h ii dyc Iuscr, pumped ,1s

before by [he doubled ou[put of a cw mode-lmked Nd:YAG laser, and operated us :1~.olliding-

pulse ltiser~ m produce pulses of -100 fs durmion near 750 nm. These pulses tire wmp(wdly

expanded to - I ns by a dispersiw~ grating pair, and ii single pulse is regenerativcly mnplitlcd I()

--l ml in tin ulcxandrite itmplifier. A fraction of [his pulse is uompreswx.1 htick to i[s ~wigin;ll

pulse Ieng[h. and then tripled to give -lo @ in I(M) fs near 250 nm. The remaindtr l)t [hc Imlsc

is spxtrally filtered m reduce its bandwidth, amplified m -l(X) m.1 in an tiddi[ion:il :llc’4illl(lrilc

~ s by another gmting pair and :ripled to yield the rrquirtxl I () m.1. 11’mnplifier, compressed [0 -A p.

the desired energy ~mfputs tind conversion efficiencies can he re:lched, this W(NIM pro~ idc ii

rcl;itivrly rcliutdc, I(JW maintentince syslem. [{owevcr, [his high m tml,put h;is tlt)t ;IS yt’[ Iwcll

dcm(mstr;ltcd In ti short idexitndrite pulse. X It would be possitile [t) txx)st Ihc cm”rgy, if

ncc.ess;wy, by using u Kr}: simplifier m amplify [he tripled cw[put. Sine-c rcl;ltivcly I]lgtl drivw

energies wfmld be ;Ivtiilahle, a single puss would bc suffkicnk, A ASI! SINWM [11.)1IN ii Imljt)r

pmhlcm. l+~r ~did-stiue switches, the high-power dextindn[c amplitkr would be rc[)lwm~xlhy ;I

rcgcllcriitivc N(1 :glass mnpllfier inject iorl-controllc(i hy ;I comprrssd pII Iw tr(m) !hr I-’M IINM.k

hwkcd I;!scr.

AII L.VCII Illfwc iittr:lctivc iiltcrn;ltivc (in the ~.ils~ of [hc [IV tq)lh)n, u[]lcss [h~ ;II(. K; IIIIII II(I l;ISCI

(;III I* IIWI for wdid S[iltc swilching) WOUM k [(~ iilso r~l}lii~.c [1](. II)(Nlf: lo~.h~(l NJ(I:}’,\( i I;~M*I

iIII(l SYII(” l) II II IIK(l (Ivr l:lscr with ii II I(KIC I[wkr(l ;Ilcxmdritc l;lscr. AIL’x;iI~(!tI[(. Il;ii KII (.11’ 111

Iulfl(lwl(lltl 10 wlql[m lhC shtm [)UliCs rcqulwvl hll IIM illll)ilr~llll~ (Nll~ IWCI1 111~~1(. I(N’I.L”(I (1~~~1’11

[() x p,” ;11)(!Ibis w:ls W’IIIC”K(I in :1 wMllCwh;ll llli SIiltllC filshi(m hy ~):lSSIVC IIMMIC lt~l’k :Ilg Il\lll!:



an intriicavity dye saturable absorber. Shor! pulses appear to be difficult to otmin without the

use of a sitturablt absorber because of the low gain and high saturation tlmmce of tileximdrile,

and active mode locking itlonc has produced -100 ps pulses, whereas active/passive mode

l~king has yielded -60 ps. I(J Nevertheless, the desired pulse widths may be achimmhle by, for

example, mode locking and tiber/grating techniques, combined with injcotmn control of u

regenertitivc amplifier. Such a system would provide a completely solid-sttite, Iow-muinnmarwe

tipprouch for genetming the short pulses.

All of the itltemiitives discussed above require on the order of $3(N) K in cupittil equipment.

and probitbly at least double that amount in manpower. The first system enr:tiis the least

development. but is more maintenance intensive. A choice may depend on availability of some

of the equipment m well as more detailed assessnmtts of the practicality of the odwr :Ipproiichcs.
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CW MODE-LOCKED YAG SYNCH-PUMPED DYE “’”’$
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1.06
100 ps,
.30 m~
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